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FOREWORD 


1 .  BACKGROUND 


1.1  The  U.S.  Army  Tropic  Test  Center  uses  petroleum  distillate  fuels  to 
test  portable  fuel  tanks,  collapsible  fuel  tanks  and  other  POL  handling 
devices  (reference  1).  A  question  that  frequently  arises  during  materiel 
testing  is  whether  the  petroleum  distillate  fuels  deteriorate  when  they  are 
being  used  for  materiel  testing  and  when  they  are  in  storage.  Fuel 
deterioration  and  its  contamination  by  deterioration  products  may  result  in 
serious  failure  of  materiel  end-items.  Two  important  questions  in  the 
testing  of  collapsible  POL  tanks  are  whether  the  fuel  deteriorates  the  tank 
material  or  whether  the  fuel  picks  up  some  contaminants  from  the  tank  fabric 
which  could  render  it  unserviceable.  In  order  to  determine  if  there  is  no 
interaction  between  the  tank  and  the  fuel,  we  must  know  the  "normal"  changes 
which  occur  in  fuel  during  storage  in  the  humid  tropics. 

2.  OBJECTIVES 

2.1  The  main  objective  of  this  study  was  to  determine  if  gasoline, 

automotive  (Mogas);  turbine  fuel,  aviation  (JP-4)  and  fuel  oil,  diesel, 
regular  grade  (DF-2)  deteriorate  when  stored  in  the  humid  tropics.  These 
types  of  fuel  are  used  extensively  by  the  U.S.  Army. 

2.2  This  investigation  seeks  to  develop  methods  for  the  early  recognition 

and  measurement  of  environmentally  related  deterioration  of  fuels  in  storage. 

Results  of  this  study  may  be  used  in  revisions  and  additions  to  US  Army  Test 
and  Evaluation  Command  Test  Operations  Procedures  (TOP)  which  provide 

quidance  to  test  officers  for  the  evaluation  of  field  storage,  the  early 
detection  of  fuel  deterioration  and  to  monitor  the  compatibility  between  fuel 
and  materiel  test  items.  Examples  of  applicable  TOPs  are  listed  in 
references  2  thru  4. 

3.  PROCEDURES 

3.1  Exposure  Testing 

3.1.1  Two  55-gallon  steel  drums  each,  of  Mogas,  JP4  and  DF-2  were  exposed 

for  two  years  at  the  Fort  Clayton  POL  Tank  Farm  (FCPOL).  One  drum  of  each 
type  of  fuel  was  exposed  on  a  rack,  near  the  weather  measuring  equipment  shed 
at  the  entrance  of  FCPOL.  This  exposure  site  is  uncovered  and  unshaded  from 
neighboring  trees  and  buildings  most  of  the  day.  The  other  three  drums  were 
exposed  inside  a  covered  open-sided  storage  facility  at  FCPOL.  A  gallon  of 
fuel  from  each  drum  was  sampled  monthly  and  tested  for  its  physical  and 

chemical  properties. 

3.1.2  The  fuel  samples  were  procured  from  locally  available  sources  with 

manufacture  date  unknown. 

3.2  Property  Testing 

3.2.1  Physical  and  chemical  properties  tests  were  made  to  determine  if  the 
fuels  met  the  requirements  specified  by  their  respective  standards 

(references  5  thru  7)  after  their  exposure.  The  tests  that  were  run  for  each 


1 


fuel  are  listed  in  Tables  B1  thru  B3,  Appendix  B.  (Not  all  the  property  tests 
listed  in  the  standards  were  performed.  The  tests  listed  in  Tables  B1  thru 
B3,  appendix  B,  were  selected  on  the  basis  of  the  equipment  available  at  the 
U.S.  Navy  POL  Laboratory,  Fort  Amador,  Panama,  when  this  study  was  made). 
The  required  values  associated  with  each  American  Society  for  Testing  and 
Materials  (ASTM)  or  Federal  Standard  Test  Method  (FSTM)  are  also  listed  in 
Tables  B1  thru  B3,  Appendix  B,  (references  5  thru  28).  The  importance  of 
each  property  test  and  the  relationship  between  the  property  and  the  intended 
use  of  the  fuels  are  described  in  detail  in  the  Department  of  the  Army 

Technical  Manual  TM-10-1165  (reference  29). 

3.2.2  The  property  tests  were  performed  at  the  US  Navy  POL  Laboratory,  Fort 
Amador,  Panama.  This  laboratory  has  since  moved  to  Rodman  Naval  Station, 

Panama. 

4.  RESULTS 

The  property  test  results  for  Mogas  exposed  in  the  uncovered  mode  are 

presented  in  Table  C-l,  Appendix  C.  The  results  for  Mogas  exposed  in  the 
covered  mode  are  presented  in  Table  C-2,  Appendix  C.  Tables  C-3  and  C-4, 

Appendix  C,  present  the  results  for  JP-4  samples  exposed  in  the  uncovered  and 
covered  modes  respectively.  The  results  for  DF-2  exposed  in  the  uncovered 

mode  are  presented  in  Table  C-5,  Appendix  C;  and  the  results  for  DF-2  exposed 
in  the  covered  mode  are  presented  in  Table  C-6,  Appendix  C. 

5.  DISCUSSION 

5.1  The  Mogas  fuel  samples  exposed  in  both  the  uncovered  and  covered  modes 

were  found  to  fail  extensively  when  their  property  test  results  were  compared 
with  their  respective  requirement  values.  The  comparative  test  results  for 
uncovered  and  covered  exposure  modes  are  presented  in  Tables  C-7  and  C-8, 

Appendix  C,  respectively. 

5.1.1  The  Mogas  samples  were  found  to  exhibit  low  Reid  Vapor  Pressure  values 

and  high  lead  contents  from  the  start  of  the  test.  These  property  values 
changed  with  increased  exposure.  The  Reid  Vapor  Pressure  decreased  while  the 
lead  content  increased.  The  observed  value  changes  indicate  that  deterio¬ 

ration  continued  with  exposure  although  the  initial  failures  cannot  be 
attributed  to  environmental  exposure. 

5.1.2  The  instances  of  Mogas  samples  failing  the  distillation,  gum,  and 
color  tests  were  found  to  increase  with  increased  exposure  in  both  exposure 
modes . 

5. 1.2.1  The  temperature  to  recover  the  distillation  fractions  was  found  to 

increase  with  increased  exposure.  This  is  an  indication  of  increased  loss  of 
the  lighter  and  more  volatile  fractions. 

5. 1.2. 2  The  gum  content  was  also  found  to  be  increasing  with  increased 
exposure  and  exceeded  the  requirement  value  after  a  year  of  exposure.  The 


gum  level  was  found  to  be  much  higher  in  the  sample  exposed  in  the  uncovered 

mode  than  in  the  covered  mode.  Gum  in  gasoline  is  generally  the  resinous 

material  that  remains  following  volatilization  of  the  fuel.  It  is  related  to 

the  degradation  of  some  components  of  Mogas  manufactured  by  the  cracking 

process  and  to  those  samples  stored  in  harsh  environments  for  a  long  period 
of  time  (reference  29).  The  higher  levels  of  gum  found  in  samples  exposed  in 
the  uncovered  mode  than  in  the  covered  mode  can  be  attributed  to  the  higher 
ambient  temperatures  of  the  uncovered  surfaces.  The  deleterious  effects  of 
gum  are  that  it  may  clog  fuel  lines,  cause  sticky  intake  valves  and  coat  the 
intake  manifolds.  Lepera  (reference  30)  reported  five  incidents  of  fuel 
oriented  problems  at  Aberdeen  Proving  Ground  during  1967.  These  incidents 
were  due  to  stuck  injectors  and  plugged  fuel  filters.  They  were  attributed 
to  high  levels  of  gum  in  the  fuel. 

5. 1.2. 3  The  failure  of  the  color  test  is  related  to  deterioration  of  the 
dyes  used  to  color  the  fuel  or  to  the  presence  of  contaminants.  The  color 
test  is  used  mainly  as  indication  of  uniformity  of  quality  of  the  fuel 
(reference  29). 

5.1.3  The  failures  for  the  water  and  sediment  tests  were  too  scattered  to  be 
considered  as  due  to  environmental  effects.  No  attempts  were  made  to  check 
the  bottom  of  the  drums  for  water  or  sediments. 

5.2  The  JP-4  samples  exposed  in  both  the  uncovered  and  covered  modes 
exhibited  occasional  failures  when  their  property  test  results  were  compared 
with  the  requirement  values  except  for  the  color  test  where  all  samples 
failed.  The  comparative  test  results  for  uncovered  and  covered  modes  are 
presented  in  Tables  C-9  and  C- 10 ,  Appendix  C,  respectively. 

5.2.1  All  the  JP-4  samples  were  found  to  have  a  darker  color  than  required 
at  the  initiation  of  the  test.  No  color  change  was  found  with  increased 
exposure.  As  such,  this  test  failure  cannot  be  attributed  to  environmental 
effects. 

5.2.2  Some  of  the  distillation  test  results  were  outside  the  required 
ranges.  The  failures  were  too  scattered  for  them  to  be  considered  as  due  to 
environmental  effects.  However,  it  was  found  that  the  temperature  to  recover 
the  lighter  fractions  increased  continuously  at  the  latter  stages  of  the 
test.  This  is  an  indication  that  the  lighter  and  more  volatile  fractions 
were  lost. 

5.2.3  The  JP-4  samples  exposed  at  both  exposure  modes  started  to  fail  the 
Reid  Vapor  Pressure  test  at  the  end  of  the  exposure  test.  Their  pressure 
values  were  lower  than  that  required.  This  is  also  an  indication  that  the 
lighter  and  more  volatile  fractions  were  lost. 

5.3  The  DF-2  samples  did  not  fail  any  of  their  requirement  tests.  This  is 
because  it  is  a  less  volatile  fuel  than  Mogas  or  JP-4  and  with  heavier 
molecular  weight  components. 


6.  CONCLUSIONS 


\ 

J 

6.1  The  major  cause  of  fuel  deterioration  while  stored  in  the  humid  tropics 
is  volatilization  and  loss  of  lighter  components. 

6.2  Mogas  was  found  to  be  the  most  affected  fuel  because  it  is  the  most 

volatile  mixture  tested. 

6.3  JP-4,  which  is  less  volatile,  showed  signs  of  deterioration  but  remained 
basically  within  specified  requirements. 

6.4  DF-2,  least  volatile  of  the  fuels  tested,  showed  no  signs  of 

deterioration. 

7.  RECOMMENDATIONS 

7.1  Data  obtained  from  fuel  testing  should  be  used  as  base  line  for 

measuring  effects  of  fuels  on  collapsible  fuel  tanks  and  vice  versa. 

7.2  Mogas  and  JP-4  should  be  tested  before  use  in  test  items. 

7.3  The  Reid  Vapor  Pressure  and  Distillation  Curve  are  properties  that  will 
provide  early  indications  of  fuel  deterioration,  especially  for  Mogas  and 
JP-4.  In  addition,  Mogas  should  also  be  checked  for  its  gum  content. 


7.4  TOP  9-2-294  (reference  4)  should  recommend  testing  with  gummy 
contaminants  when  applicable.  Current  recommendations  are  to  test  with  water 
and  solid  contaminants  only. 


16.  American  Society  for  Testing  and  Materials,  "Test  for  Kinematic 

Viscosity  of  Transparent  and  Opaque  Liquids  (and  the  Calculation  of  Dynamic 

Viscosity)",  D-445,  Philadelphia,  PA. 

17.  American  Society  for  Testing  and  Materials,  "Test  for  Ash  from  Petroleum 
Products",  D-482,  Philadelphia,  PA. 

18.  American  Society  for  Testing  and  Materials,  "Test  for  Ramsbottom  Carbon 
Residue  of  Petroleum  Products",  D-524,  Philadelphia,  PA. 

19.  American  Society  for  Testing  and  Materials,  "Test  for  Oxidation 

Stability  of  Gasoline  (Induction  Period  Method)",  D-525,  Philadelphia,  PA. 

20.  American  Society  for  Testing  and  Materials,  "Test  for  Neutralization 
Number  by  Color-Indicator  Titration",  D-974,  Philadelphia,  PA. 

21.  American  Society  for  Testing  and  Materials,  "Calculated  Cetane  Index  of 
Distillate  Fuels",  D-976,  Philadelphia,  PA. 

22.  American  Society  for  Testing  and  Materials,  "Test  for  Water  Reaction  of 
Aviation  Fuels",  D-1094,  Philadelphia,  PA. 

23.  American  Society  for  Testing  and  Materials,  "Test  for  Density,  Specific 
Gravity,  or  API  Gravity  of  Crude  Petroleum  and  Liquid  Petroleum  Products  by 
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26.  American  Society  for  Testing  and  Materials,  "Test  for  Lead  in  Gasoline, 
Volumetric  Chromate  Method",  D-2547,  Philadelphia,  PA. 
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APPENOIX  B.  LIST  OF  PROPERTY  REQUIREMENTS 


TABLE  B-l .  PHYSICAL  AND  CHEMICAL  REQUIREMENTS  FOR  MQGAS 


Property 

Range  or  Value 

Test  Method 
ASTM  Standard 

Distillation,  °F 

D-086 

10%  Recovered 

122-158 

50%  Recovered 

192-239 

90%  Recovered 

270-356 

Res idue ,  %  vol ,  max 

2.0 

Reid  Vapor  Pressure, 

7-9 

D-323 

psi  @  100  °F 

Unwashed  Gum,  mg/100  ml,  max 

4 

D-381 

Corrosiveness  @  122  °F,  max 

1 

D- 130 

Oxidation  Stability, 

480 

D-525 

minutes,  min 

Col  or 

Red,  equal  to 

Lead,  g/gal ,  max 

standard 

1 .88 

D-2547 

Water  and  Sediment, 

0.01 

D-2709 

%  vol ,  max 

3-1 


TABLE  B-2.  PHYSICAL  AND  CHEMICAL  REQUIREMENTS  FOR  JP-4 


Property 


Range  or  Value 


Test  Method 

ASTM  (or  FSTM)  Standard 


Distillation,  °F 

D-86 

Initial  Boil ing  Point 

Report 

10%  Recovered 

Report 

20%  Recovered,  max 

293 

50%  Recovered,  max 

374 

90%  Recovered,  max 

473 

End  Point,  max 

518 

Residue,  %  vol ,  max 

1.5 

Loss ,  %  vol ,  max 

1 .5 

API  Gravity 

45-57 

D-1298 

Existing  Gum,  mg/100  mg,  max 

7 

D-381 

Reid  Vapor  Pressure, 

2-3 

D-323 

psi  @  100  °F 

Fuel  Icing  Inhibitor,  %  vol 

0.10-0.15 

FSTM-5340 

Particulate  Matter,  mg/1 

1.0 

0-2276 

Water  Reaction, 

lb 

D- 1094 

Interface  rating,  max 

Color,  Saybolt 

1 

D- 156 

Heating  Value,  (Aniline- 

5,250 

D- 1405 
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